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© Multilayer extrusion as process for making angioplasty balloons. 



© A method of producing laminated inflatable, sub- 
stantially inextensible expander members having 
composite properties enhancing their use on in- 
travascular catheters, such as angioplasty catheters 
is described. Diverse polymeric compounds of differ- 
ing properties are coextruded to create a multilayer 
parison (40). The parison (40) is subsequently drawn 
and expanded in a blow molding operation to yield 
an expander member exhibiting enhanced properties 
including lubricity, burst strength, limited radial ex- 
pansion, bondability, and rupture characteristics. 
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MULTILAYER EXTRUSION AS PROCESS FOR MAKING ANGIOPLASTY BALLOONS 



This invention relates generally to so-called 
balloon catheters, and more particularly to a meth- 
od for fabricating a multi-layer balloon composite 
exhibiting enhanced characteristics attributable to 
the properties of the individual layers. 

As an alternative to open-heart, coronary by- 
pass surgery, a technique referred to coronary 
transluminal angioplasty has been developed fol- 
lowing the pioneering introduction of the technique 
by A. Qruntzig. In carrying out this procedure, a 
dilatation catheter having an inflatable expander 
member (balloon) on the distal end thereof is rout- 
ed through the vascular system to a location within 
a coronary artery containing a stenotic lesion. Fol- 
lowing placement of the expander member across 
the lesion, a fluid is- introduced into the proximal 
end of the catheter and is used to inflate the 
expander member to a predetermined relatively 
high pressure whereby the lesion is compressed 
into the vessel wall restoring patency to the pre- 
viously occluded vessel. 

It is desireable that the expander member ex- 
hibit the following characteristics: 

1. High burst strength; 

2. Low radial expansion at elevated pressures; 

3. Ease of bonding to a catheter body; 

4. Failure characteristics avoiding pinhole rup- 
tures; and 

5. Low coefficient of friction 

The Schjeldahl et al Patent 4,413,989 owned 
by applicants' assignee discloses a coronary tran- 
sluminal angioplasty catheter in which the expand- 
er member is formed from polyethyylene tereph- 
thalate in a drawing and blow molding process so 
as to provide biaxial orientation to the material. 
Such PET balloons are found to exhibit the de- 
sireable property of high burst strength and rela- 
tively low radial expansion when inflated to seven 
atmospheres or more. However, because the cath- 
eter body itself is generally fabricated from a for- 
mulation containing silicon rubber, polyethylene, 
PET or polyurethane, a problem exists when at- 
tempts are made to bond the expander member to 
the distal end portion of the catheter body. The 
PET polyester balloon tends not to adhere easily to 
the catheter body especially in a thermal bonding 
process. 

Moreover, experience with polyethylene, PVC 
and polypropylene expansion members has shown 
that at relatively high pressures, pinhole leaks form 
which may create a high velocity jet of inflation 
fluid capable of perforating the blood vessel when 
it impinges on the vessel wall. Thus, it would be 
desirable if the expander member can be fab- 
ricated in such a way that it exhibits a controlled 



mode of failure, i.e., a rapid rupture so that the 
pressure is released over a significant area in a 
short time frame. 

The above-listed desirable characteristics are 

5 achieved in accordance with the present invention 
by forming a multi-layer balloon where the individ- 
ual layers afford a desirable property to the com- 
posite. More particularly, a tubular parison is first 
generated in a co-extrusion process whereby dif- 

w ferent polymeric materials are coaxially layered. 
Subsequently, the parison is inserted in a blow 
molding fixture, allowing the tube to be longitudi- 
nally drawn and radially expanded until the com- 
posite film is oriented, the maximum O.D. of the 

is expander member is defined and a desired film 
thickness is achieved. For example, in forming the 
parison, PET of a predetermined viscosity may be 
coextruded and where polyethylene in forming the 
parison and where the polyethylene lines the lumen 

20 thereof. When the expander member is formed 
from the parison in the blow molding operation, the 
PET layer affords the desired burst strength and 
limited radial expansion characteristic while the 
polyethylene layer enhances the ability to bond the 

25 resulting balloon to the catheter body. 

The characteristic of lubricity may also be ad- 
ded by coating the exterior of the composite with a 
suitable plastic exhibiting high hydrophilic char- 
acteristics. For example, the composite 

30 PET/polyethylene balloon may be coated on the 
exterior of the PET with polycaprolactam. 

By forming a three-layer tubular parison where 
one of the layers is a plastic with known rupture 
characteristics, the polyethylene layer may provide 

35 the bondability attribute, the PET, the limited radial 
expansion characteristic and/or the controlled rup- 
ture characteristic while polycaprolactam again af- 
fords the lubricity. 

The various features, characteristics and ad- 

40 vantages of the invention will become apparent to 
those skilled in the art from the following detailed 
description of a preferred embodiment, especially 
when considered in conjunction with the accom- 
panying drawings in which: 

45 Figure 1 is a process flow chart illustrative of the 
present invention; 

Figure 2 is a partial schematic illustration of 
apparatus for manufacturing parisons in co-ex- 
trusion process; 
50 Figure 3 is a cross-sectional view of a two- 
component co-extrusion die useful in forming a 
two-layer parison; 

Figure 4 illustrates schematically apparatus for 
blow molding the parison into a biaxially ori- 
ented multilayer expander member; and 
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Figure 5 shows the expander joined to the distal 
end of a catheter. 

With reference to Figure 1, in fabricating the 
multilayer expander member in accordance with 
the present invention, the first step in the process 
is to create a parison which, when heated and then 
drawn and blown creates a balloon or expander 
member for use on an intravascular catheter. The 
extruding apparatus is indicated generally by nu- 
meral 10 in Figure 2 and is seen to comprise a 
motor 12 coupled in driving relationship to a gear 
box 14 whose output shaft comprises a coarse- 
pitched archimedian screw 16 rotating within a 
heated barrel 18. In accordance with known prac- 
tice, the screw generally has three distinct sec- 
tions. In the "feed" section 20, directly beneath the 
feed hopper 22, the screw channel depth is con- 
stant and relatively large and serves to convey 
solid polymer material from the hopper. The depth 
of the flute in the "compression" section 24 is 
uniformly tapered and designed to compact the 
plastic and force it into contact with the barrel 18 to 
enhance melting. The melting is achieved mainly 
by a combination of heat conducted from electrical 
heating elements 26 contained in the barrel and the 
heat generated by the intense shearing in the mol- 
ten layer formed between the barrel and the solid 
material. Numberal 28 identifies the "metering" 
section of the screw in which the flute depth is 
constant and relatively small. It controls the output 
from the extruder in terms of quantity, steadiness 
and homogeneity. Disposed at the end of the 
screw 16 is an extruder die 30 which, in the case 
of the present invention, provides for co-extrusion 
of at least two different plastics. The first plastic 
passing through extruder 10 combines with a sec- 
ond plastic exiting a substantially identical extruder 
shown schematically at 32 to create a concen- 
trically layered tubular parison, the cross-section of 
which is seen in the view of Figure 4. 

Figure 3 is a cross-sectional view taken 
through a two-port co-extrusion die. For example, 
the output from the metering section 28 of the 
extruder 1 0 may be fed into die port A in Figure 3 
while that from the metering section of the screw of 
extruder 32 feeds port B. The molten plastic flows 
together to form a layer with the plastic entering 
port B surrounding the plastic entering port A. As 
the plastic is made to flow through the die, air is 
also introduced through the central bore 34 of the 
die 30 to prevent the collapse of the tubular 
shaped exudate. 

In accordance with one aspect of the invention, 
the plastic entering port A, for example, may com- 
prise a polyolefin or PVC while that forced into port 
B may be a homopolyester, preferably PET, of a 
predetermined viscosity. With these two constitu- 
ents, the resulting tubular parison will have the 



PVC as the inner tubular layer and the PET as its 
outer layer. The thickness of the individual layers 
will be determined by the mass flow ratios pro- 
vided by the respective extruders. The final diam- 

5 eter of the parison is determined by the size of the 
die exit opening, the total flow of material into ports 
A and B and the take-away or draw speed. 

The balloon itself is fabricated in a blow mold- 
ing operation wherein the parison 40 is inserted 

70 into the blow mold 42 as shown in Figure 4 and air 
or other suitable fluid is introduced through the port 
44 at a predetermined pressure. The mold 42 has 
a cavity 46 corresponding to the desired size of the 
balloon to be produced. 

75 After the tubular parison is disposed in the 

mold, the mold is heated to thereby raise the 
tubing temperature to a point between the second 
order transition temperature and the first order tran- 
sition temperature of the polyester polymer. 

20 By first drawing the tubular parison and subse- 

quently blow molding same, biaxial orientation 
takes place whereby the PET layer, while remain- 
ing flexible, become strong as regards the inflation 
pressure at which the material will burst. When it is 

25 desired to bond the finished balloon onto the cath- 
eter body as illustrated in Figure 5, the inner layer 
48 of PVC can readily be bonded to an outer PVC 
tubular body 50 and to an inner tubular body 52. 
The space between the coaxially disposed tubes 

30 allows for injection of a balloon inflation fluid. Bal- 
loons produced in accordance with the invention 
may exhibit a burst pressure well in excess of 7 
atmospheres while radially expanding less than 
about 3-10 percent. While the PVC layer 48 adds 

35 little to the burst strength of the composite, it does 
facilitate the attachment of the balloon to the ex- 
terior of the tubular catheter body. 

If it is desired to increase the lubricity of the 
composite balloon, this may be accomplished by 

40 dipping or other coating the multilayer balloon in a 
suitable hydrophilic material such as polyvinylidol, 
N-vinylpyrolodone, hydrogels, etc. 

Rather than utilizing PET in combination with 
PVC, a balloon having enhanced properties may be 

45 created by co-extruding a high molecular weight 
crystalline polyester with a lower molecular weight 
amorphous polyester in forming the parison. Fol- 
lowing drawing and radial expansion in a blow 
molding operation, the resulting balloon is found to 

50 exhibit high burst strength, low radial expansion 
and superior bondability as compared to conven- 
tional PET single-layer balloons. 

The rupture characteristics of a polymer layer 
can be modified to increase the rupture rate by 

55 adding filler material. The filler materials may be an 
inert type, such as calcium carbonate, generally in 
powder form, carbon in fiber form, or an incompati- 
ble second phase polymer. Incompatible phase 
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polymer systems afford many advantageous char- 
acteristics and are a function of the dispersion 
between the two phases. Materials which might be 
candidates for this are polypropylene and selected 
rubbers, polyester and polypropylene. 

This invention has been described herein in 
considerable detail in order to comply with the 
Patent Statutes and to provide those skilled in the 
art with the information needed to apply the novel 
principles and to construct and use such special- 
ized components as are required. However, it is to 
be understood that the invention can be carried out 
by specifically different equipment and devices, 
and that various modifications, both as to the 
equipment details and operating procedures, can 
be accomplished without departing from the scope 
of the invention itself. 



Claims 

1. An expander member for attachment to a medi- 
cal catheter comprising: 

(a) an outer biaxially-oriented tubular polymeric 
film layer (40) exhibiting relatively high polymer 
crystallinity; and 

(b) an inner polymeric plastic film layer (48) 
adhered to said outer layer (40) and exhibiting 
relatively low polymer crystallinity. 

2. The expander member of Claim 1 wherein said 
outer film layer (40) comprises polyethylene 
terephthalate co-polyester or homopolyester exhib- 
iting a burst pressure in excess of seven at- 
mospheres. 

3. The expander as in Claim 2 wherein said inner 
film layer (48) comprises an amorphous polyester. 

4. The expander as in Claim 2 wherein said inner 
layer (48) comprises a polyolefin. 

5. The expander as in Claim 4 and further including 
a hot-melt adhesive disposed between said outer 
layer (40) and said inner layer (48). 

6. The expander as in Claim 1 wherein said outer 
layer (40) is coated with a hydrophilic polymer. 

7. The expander as in Claim 6 wherein said hydro- 
philic polymer is polycaprolatom. 

8. Process for forming an expander member for 
attachment to an intravascular catheter body mem- 
ber comprising the steps of: 

(a) co-extruding a polyester plastic exhibiting 
high polymer crystallinity with a polymeric ma- 
terial exhibiting low polymer crystallinity to form 
a layered tubular parison with said polymeric 
material exhibiting low polymer crystallinity on 
the interior of said tubular parison; 

(b) heating said parison in a mold to a predeter- 
mined temperature; 

(c) drawing said parison longitudinally and radi- 
ally expanding same to biaxially orient said 



polyester exhibiting high polymer crystallinity 
such that said expander member exhibits a 
burst strength greater than about seven at- 
mospheres. 

5 9. The method as in Claim 8 wherein said polyes- 
ter plastic is polyethylene terephthalate and said 
polymeric material is selected from the class in- 
cluding polyethylene, urethane and amorphous 
polyethylene terephthalate. 
m 10. The method as in Claim 8 and further including 
the steps of: 

(d) coating said expander member with a hydro- 
philic plastic. 
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FORM TUBULAR PARISON 

IN A CO-EXTRUSION 
OF MULTIPLE POLYMERS 
THROUGH DIE 

I 

HEAT PARISON IN MOLD 
AND DRAW TO 
PREDETERMINED MULTIPLE 
OF ORI GINAL LENGTH 

T 

RADIALLY EXPAND 
PARISON IN A BLOW 
MOLDING FIXTURE TO 
DESIRER DIMENSION 
AND STRENGTH 



BOND EXPANDER TO 
EXTERIOR OF TUBULAR 
CATHETER 




Fig. I 



COAT EXTERIOR OF 
EXPANDER MEMBER 
WITH HYDROPHILIC 
MATERIAL (OPTIONAL) 
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